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sula have been transformed into local dispersion curves by linear inversion of travel times. The procedure
permits that the waveform dispersion to be obtained as a continuous period-dependent velocity function at
grid points belonging to the area probed by the waves, thus providing phase- and group-velocity contour
maps for several periods within the interval of interest. The regionalization process rests on a homoge-
neous initial data set in which the number of observations remains almost constant for all periods of refer-
ence. Damped least-squares inversion of the local dispersion curves for shear-wave velocity structure is
performed to obtain depth-dependent S-wave velocity profiles at the grid points covering the model
region. The reliability of the results should improve significantly owing to the use of phase and group
velocities simultaneously. On this basis, we have built horizontal depth sections that give an updated view
of the seismic velocity structure of the peninsula at lithospheric and upper mantle depths (20e200 km).
After averaging all the pure-path S-wave velocities previously determined at each grid point, the velocity-
depth models so obtained for major tectonic units allow the comparison between the Hercynian basement
and other areas of Mesozoic folding and Tertiary basins.
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Elsevier1. Introduction
The velocities of surface waves (predominantly the fundamental
mode) along their respective great-circle propagation paths are
mainly controlled by variations in the velocity structure of the crust
and mantle. In view of the dispersive character of this elastic
medium, a detailed waveform dispersion analysis and further
modeling leads to a good resolution for depth-layered properties,
and can be of great interest for the determination of the regional
seismic velocity structure and the exploration of the contrasting
geology between adjacent formations. Studies of this application
have been made in various parts of the world (Curtis and
Woodhouse, 1997; Ritzwoller et al., 1998; Bonner and Herrin,
1999; Martınez et al., 2000; Yanovskaya et al., 2000; Frederiksen
J. Badal et al. / Geoscience Frontiers 2(1) (2011) 35e4836et al., 2001; Ritzwoller et al., 2001; Villasenor et al., 2001;
Friederich, 2003; Huang et al., 2003; Yanovskaya and
Kozhevnikov, 2003; Mishra et al., 2005; Mitra et al., 2006; Chen
et al., 2010).
The study of the crust and upper mantle seismic velocity
structure of the Iberian Peninsula is of great interest due to the
complex tectonic setting of the area, and because it potentially
may lead to a better understanding of the regional geodynamics in
the westernmost part of the Mediterranean basin. The deep
structure of the Iberian Peninsula has extensively been studied in
the past. On the one hand this interest arose from the growing
number of high-quality seismic data acquired for the first time
during the Iberian Lithosphere Heterogeneity and Anisotropy
(ILIHA) Project (Paulssen, 1990); on the other hand, modern
methods of analysis of digital data allowed us to obtain new
results and to take a comprehensive look at the geodynamic
processes in the region. The propagation of surface waves across
the Iberian Peninsula was early on studied by Payo (1970) and
later in a series of papers on the structure of the peninsula based
on two-station phase- and group-velocity measurements from
analogue data (Badal et al., 1992) and digital records (Payo et al.,
1992; Badal et al., 1993; Corchete et al., 1993) of Rayleigh waves.
These studies depicted the deep structure of the peninsula at
crustal and upper mantle depths in terms of shear-wave velocity
derived from inversion of Rayleigh wave dispersion data, and
presented earth models for different parts of the peninsula (Payo
et al., 1992; Corchete et al., 1993); they also included even 3D
shear-wave velocity mapping of Iberia (Badal et al., 1993). The
results provided large-scale seismic velocity patterns to a depth of
200 km and suggested differences in velocity for the main
geological units that make up the Iberian region. Shortly after,
a new regional model of the deep structure of the whole peninsula,
the Iberian LithosphereeAsthenosphere (ILA) model was
proposed together with the first tomographic images of Iberia
(Corchete et al., 1995).
In all these previous studies, path-averaged phase and group
velocities of fundamental mode Rayleigh waves were first
measured through a two-station method and then inverted to
obtain shear-wave velocity-depth profiles. The models derived
from inverse modeling of velocity dispersion data gave S-velocity
distributions with depth, but were logically referred to the
respective trajectories traveled by the waves, which is still
a serious disadvantage when using any interpolation method for
mapping. In this paper, taking advantage of the original digital
records and newly acquired seismic data, we follow an alternative
two-step working scheme: (a) construction of local phase and
group velocities on a set of grid points over the study region, from
ray-path velocities computed previously; and (b) further inversion
for velocity structure and S-wave velocity mapping. Once the ray-
path dependency of the starting data is eliminated, it can be
expected a smaller bias of the results in order to draw velocity
contour maps and to outline the features of the major tectonic
units of Iberia.
2. Study area and data set
2.1. Brief geotectonic setting
The Iberian Peninsula is under the interaction of the Eurasian and
African plates at the western end of the Mediterranean Sea.
Various major geotectonic units make up the peninsula (Fig. 1),namely the Iberian Massif (Hercynian basement), which covers
the west and partly the north and middle of the territory; to the
north, the Mesozoic cover of the Pyrenees (and the Pyrenean axial
zone) forms a major unit; to the east, a broad Mesozoic area
includes the Iberian Cordillera; the external (Mesozoic) and
internal (Paleozoic and Mesozoic) units of the Betic Cordillera
constitute the main folding system to the south and southeast.
Tertiary basins of the major rivers, Ebro, Duero, Tajo (Tagus), and
the Middle and Late Miocene basin of the Guadalquivir River
separate all these structures. After we will discuss these units
when comparing the seismic speeds of each subregion.
2.2. Data set
The primary data are inter-station Rayleigh wave velocities
obtained previously by digital filtering of dispersed wave trains
recorded in the course of the ILIHA Project (Badal et al., 1996),
a project aimed at increasing knowledge of the Iberian lithosphere
and upper mantle structure with as high resolution as possible. As
part of ILIHA, 14 broadband stations were installed in Spain and
Portugal (Fig. 2), most of which were operational for one year
(February 1988eMarch 1989) recording body and surface waves
generated by near and far earthquakes. The installation of the array
on Iberian territory supplied for the first time a large set of digital
data and substantially increased the path coverage for two-station
measurements with approach directions of the wave fronts crossing
the area (Fig. 2). Off-azimuth energy arrivals are known to cause
bias in velocity dispersion curves and so, after controlling off-great-
circle propagation and multipathing effects, up to 64 teleseismic
events coming from different azimuths, with Mb magnitude 5.4
and crustal focal depths, were initially selected for then using 54
pairs of stations. The array provided us with 143 ray-paths crossing
the whole Iberian region to then determine path-averaged phase-
and group-velocity dispersion curves (Badal et al., 1996).
To minimize possible errors due to higher-mode interference
(modal contamination), scattering coda and noise that would
hamper the selection of clear dispersion curves, we used a narrow-
bandwidth Gaussian filter and moving-window analysis on each
vertical component seismic signal in order to extract the funda-
mental mode Rayleigh wave and to measure the dispersion of every
wave train with the least-possible bias. Badal et al. (1990, 1992)
gave details of these operations and measurements providing
high-quality dispersion estimates. Both phase- and group-velocity
dispersion exhibit a similar and rather small scatter or standard
deviation, which never exceeds 0.1 km/s (Badal et al., 1996).
3. Method
Starting from the phase and group velocities observed along
different seismic paths, we performed linear inversion of travel
times for the purpose of obtaining local velocities at grid points
over the peninsular area. Such an approach, first used by
Yanovskaya (1984) for laterally inhomogeneous media, was
successfully used later to study complex regions like Asia Minor
and the Eastern Mediterranean (Gobarenko et al., 1987), the
Aegean region (Christova and Nikolova, 1993), the Black Sea
(Yanovskaya et al., 1998), and more recently the Qinghai-Tibet
Plateau (Chen et al., 2009, 2010). Fig. 3 displays a flow chart with
the successive steps involved in our working scheme.
A well-known drawback of this method is the dependence of
the solution on the orientation of the coordinate system, which
Figure 1 Schematic setting of the major geotectonic units of the Iberian Peninsula (after Sanz de Galdeano, 2000).
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coordinate system. However, in a properly chosen coordinate
system the method gives good results. Somewhat later,Figure 2 ILIHA array deployed in the Iberian Peninsula during the
period February 1988eMarch 1989 (station NE23 was moved to
NE30). The path coverage for two-station Rayleigh-wave velocity
measurements is displayed as straight lines, which represent approach
directions of the wave fronts crossing the area.Yanovskaya et al. (1988) proposed another version of the method
that permits the problem to be overcome. The two versions were
used by Yanovskaya et al. (1990) to study structural heterogeneity
in Western Europe. In contrast, the method has the advantage that
no a priori division of the study area into blocks is necessary,
meaning that no subjective choice of boundaries is required. In
addition, it leads to a continuous function defined on a horizontal
plane, which gives the velocity distribution over the testing area.
In this paper the aforementioned linear approach is applied to
phase and group velocities and, thereby, the regionalization is
made separately. As the results might be incompatible, both phase
and group velocities for several periods must be compared after
regionalization. In the fixed network points where the solution is
obtained, two types of inconsistencies may occur in accordance
with theoretical restrictions on phase- and group-velocity disper-
sion curves: the group velocities for a given period can be very
close or even be larger than the phase velocities; or, the results can
be inconsistent for different periods, particularly for phase
velocity that theoretically is supposed to increase with the period.
If so, these disagreements should be attributed to errors in the
inversion procedure rather than the data, which cover the Iberian
Peninsula with the same number of seismic paths for the
computation of phase velocity and group velocity.
4. Rayleigh velocity maps and local dispersion
The method is implemented on a set of densely spaced grid points
to further obtain a velocity contour map for each period of
Figure 3 Successive steps involved in the computation process.
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computed for periods between 15 and 70 s with a step of 5 s.
Periods outside of this range are rather scarce and the Rayleigh
wave velocity computation would be unreliable. The reliability of
the results rests upon the error in velocity and the resolving power,
both of which can be determined as a means of controlling the
outcomes. Error and resolution maps for the periods as before are
likewise displayed (Fig. 4). As can be seen, errors in velocity are
generally less than 0.03 km/s and the resolution is good every-
where, especially in the eastern half of the peninsula where the
effective smoothing radius does not exceed 20 km, and even in the
western half where the smoothing radius is 30 km. In contrast, the
resolution becomes 40 km or more to the southwest of the studied
area as a direct consequence of the poor or rather nonexistent path
coverage of the zone, so that the results should be considered with
caution and not to be used for extrapolation.
For the shortest periods from 15 to 30 s, the highest speeds
occur in the middle and northwest of the peninsula whereas the
lowest ones are observed in the Guadalquivir and Ebro basins and
to the northeast. Errors in velocity do not exceed 0.03 km/s and are
practically the same everywhere. The differences in speed are all
above this value as indicated in the plots (Fig. 4). The resolution is
more or less constant varying between 20 km in the east and
30 km in the west. Similar features are repeated for periods of
35e45 s, although with less lateral variation in phase velocity. To
the south and southwest the speeds decrease and the compara-
tively lowest ones span the Guadalquivir basin in coincidence with
the Miocene terrains.
From 50 to 60 s the mapped velocities show significant vari-
ations, which are probably indicative of changes in the astheno-
sphere. In particular, the group-velocity patterns reveal a vertical
velocity gradient, which argues against any idea of a completely
homogenous low-velocity channel. At these periods, the lowest
velocities are observed in the south and southeast of the peninsula.
At long periods of 65 and 70 s the error in velocity is still
0.03 km everywhere, but the smoothing radius increases slightly
to 30 km. The highest phase velocities reach 4.02 km/s at 70 s,
a velocity value that is slightly less than the highest speedobserved in the input data, which gives some idea of the
smoothing introduced during the process. The laterally varying
phase velocities depict the transition rates from one to another unit
emphasizing clearly the differences between the Iberian Massif,
the Iberian Cordillera, and the Duero, Tagus and Ebro basins. The
group velocities, although displaying similar patterns, do so in
a rather smooth way; the contours that outline the Variscan
structure are now much more separated whereas its contacts with
other formations are marked by rapid lateral velocity changes.
Taking into account the previous solutions for Rayleigh
phase- and group-velocity mapping, dispersion curves can easily
be computed at nodal points on the area covered by seismic
paths. As the regionalization method has the advantage of not
restricting the solution to a block of the investigated area, the
dispersion curves thus determined characterize locally the prop-
erties of the dispersive medium. However, under that constraint
the distance between adjacent grid points has to be consistent
with the resolving power of the data. In our case we have chosen
a distance of 80 km, thus largely exceeding the limitation
inherent in the method (Fig. 4).
It is, therefore, possible to evaluate the velocity function at grid
points separated by a distance longer than that fixed by the
resolving power of the data, thus assigning phase and group
velocities at different periods within the range of interest and to
obtain local dispersion curves. Examples of Rayleigh-wave phase-
and group-velocity dispersion curves at two points are given, one
located to the southeast and other to the northwest of the Iberian
Peninsula (Fig. 5, top). From a theoretical point of view, these
curves characterize the properties of the dispersive medium
restricted to zones around the respective points taken for valua-
tion, the size of any of these zones being delimited by the effective
smoothing radius.5. 3D mapping of S-velocity
At 81 grid points covering the model region, we carried out
damped least-squares inversion of local dispersion curves for
shear-wave velocity structure in order to obtain depth-dependent
S-wave velocity profiles, in the same way as Chen et al. (2010) for
tomography. Interactive software elaborated by Herrmann (2002)
was used with this purpose. We simultaneously inverted the
phase and group velocities in order to place tighter constraints on
possible models. In spite of the added difficulties that the joint
inversion involves, it results in more realistic outcomes because of
the greater number of constraints that must be adhered to. We here
assumed that the surface waves propagate through stacked
homogeneous layers, the elastic parameters of which change from
each grid point, so that the velocity profiles obtained by inversion
actually represent the properties of the elastic medium around
those points, depending on the resolving power of the data. As
inverse modeling requires a properly parameterized initial model,
we took one based on the ILA model proposed by Corchete et al.
(1995) for the Iberian lithosphere-asthenosphere system. It
requires that the distribution of elastic parameters in the earth
interior is approximated by a finite number of horizontal flat layers
down to 200-km depth overlying a half-space. We started with the
initial model and, at each step of inversion the initially assumed
velocity-depth model was updated, so that the variance between
preceding and calculated shear velocity was computed to check
the convergence of the process. The operation is repeated until the
difference between the new velocity values and the ones computed
Figure 4 Rayleigh-wave phase/group velocity patterns (left column), error maps (middle column), and resolution maps (right column) at
periods from 15 to 70 s (bottom right). Iso-lines have been drawn in order to ensure clarity.
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Figure 5 Above: examples of Rayleigh-wave phase- and group-velocity dispersion curves (solid lines) obtained at two points located to the
southeast (point 25) and northwest (point 48) of the Iberian Peninsula. Standard deviations (vertical bars) are inferred from the velocity variance.
The respective theoretical dispersion curves (dash and dot lines) at those points, predicted by forward modeling from the final S-velocity models
derived before by joint inversion (below), are displayed for comparison. Observed and theoretical dispersion curves fit reasonably well and are
almost overlapped. Down: elastic, depth-dependent S-velocity models derived by joint inversion of local phase and group velocities at the two
points of reference. Standard deviations (horizontal bars) are inferred from the velocity variance.
J. Badal et al. / Geoscience Frontiers 2(1) (2011) 35e48 43in the previous step converges to a minimum (less than 1.0%) and
therefore to a stable solution.
The S-wave velocity structure of the whole Iberian region is,
thus, obtained by joint inversion of 162 local dispersion curves
(counting both phase and group speeds). The result is not
straightforward due to the fact that the joint inversion of velocities
even along the same seismic path is not always possible. Never-
theless, most of the theoretical dispersion curves obtained later by
forward modeling fall within the error bounds. Only in the case of
16 curves, between 15 and 30 s, the misfits fall outside of the error
interval. This fact, which is observed near the Mediterranean coast
(six curves) and in the middle of the peninsula (10 curves), can be
explained by strong differences in the structure of the crust and
also by the use of a single initial model for inversion. The elastic,
depth-dependent S-velocity models were finally derived by joint
inversion of local phase and group velocities (Fig. 5, down) at the
two points (cf. Fig. 5, top).
Velocity contour maps can be delineated now by recovering the
layer velocities at the same depth varying subsequently within the
tested crustal and mantle depths. Even though the periods used
(beyond 15 s) are more than enough to describe feasible velocity
models at 20e200 km depths, large wavelengths cannot check
sufficiently the uppermost 20 km of the crust. Horizontal depthsections are therefore displayed at depth intervals between 20 and
200 km (Fig. 6).
Relatively high speeds characterize the western zone of the
peninsula at typical depths of the lower crust, 20e30 km; inside
this area we observed faster speeds (4.1e4.2 km/s) to the south
and slower (3.7e3.8 km/s) to the northwest, which might be
related to a more fragile and brittle crust, which corresponds to the
remarkable seismic activity detected in the northwest of the
penisula. On the contrary, low speeds of 3.7e3.8 km/s are located
in the lower part of the Iberian Cordillera, which might be the
response to the root of its south end. In the south and southeast,
the folding system of the Betics appears fairly differentiated by
velocities between 3.9 and 4.2 km/s that decrease going from the
external to the internal units.
At depths of 30e50 km, the velocity distribution correlates
well with each tectonic unit, so that high speeds (4.3e4.7 km/s)
are associated with the Hercynian body whereas low speeds
(4.2e4.3 km/s) correspond to the Tertiary basins. In contrast to the
velocity field described above, all speeds increase at 50e65 km
mantle depths even though a general smoothing of all of them
seems to be the keynote at these depths. Velocities of the order of
4.5e4.6 km/s hardly reveal lateral variation; however, inside the
area covered by seismic paths, the lowest speeds (4.4 km/s) lie
Figure 6 Laterally varying shear-wave velocity patterns displayed at various depth intervals from 20 to 200 km (bottom right corner). In all
cases the speed is given in km/s and the iso-lines are drawn in order to ensure clarity. The 81 grid points taken for computation are included on
each map.
J. Badal et al. / Geoscience Frontiers 2(1) (2011) 35e4844underneath the internal Betics to the south of the peninsula. As
a general character, the highest velocities up to 4.6e4.8 km/s
occur at depths of 65e80 km, which in our study area correspond
to the lower lithosphere.
A generalized change of tendency at deeper depths of
80e100 km occurs everywhere. A sharp decrease in velocity of at
least 0.4e0.5 km/s provides small values below 80 km and is
clearly indicative of the beginning of the asthenosphere. In this
depth range remarkable lateral variation (4.0e4.3 km/s) can be
observed, which undoubtedly reflects the lack of homogeneity in
the upper part of this layer.
At 100e120 km, a smaller and fairly constant velocity of
4.2 km/s is the dominant note in the whole peninsula. Unlike
higher levels and given the absence of lateral velocity variation, it
can be interpreted now that the asthenosphere is rather homoge-
neous. With almost constant speeds of 4.2 km/s or a bit more and
little lateral variation at 120e140 km depths, the results seem to
confirm the existence of a practically homogeneous middle
asthenosphere. These same velocity values, around 4.2 km/s (but
also reaching 4.3 km/s at a few points inside the peninsula and
exceptionally 4.1 km/s to the south), can still be observed at
140e160 km, thus defining a similar picture of the deeper velocity
field. The lowest speeds of 4.1 km/s, at the most 4.2 km/s, spreadthroughout the peninsula and are the predominant values at the
bottom of the asthenosphere at depths of 160e180 km. Again,
a consistent shear velocity seems to be the common feature for
Iberia.
Greater depths of 180e200 km mark a new change of tendency
highlighted by a big jump in speed and significant lateral variation
with speeds ranging mainly between 4.6 and 4.7 km/s, even with
values up to 4.75 km/s, all of which is typical of the mantle. A
distinctive feature is however the small velocity contrast at these
depths, which might be because of the maximum periods used
(70 s) or also the real equality of speeds. In any case what is
beyond doubt is the existence of a negative vertical velocity
gradient characteristic of the low-velocity channel of the Iberian
asthenosphere.6. Regional velocity models
Impinging upon the dissimilarities of the crust-upper mantle
velocity structure beneath the different areas that form the
investigated continental domain, we have characterized each
main tectonic unit (Fig. 1) by a single velocity-depth function
obtained after averaging all the previously determined pure-path
Figure 6 (Continued)
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Figure 7 Shear velocity-depth models (red color) accounting for the differences between five geotectonic units of Iberia: Iberian Cordillera,
Pyrenees, Betic Cordillera, Duero and Ebro basins, and Guadalquivir basin, when comparing with the Hercynian basement (blue color). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
J. Badal et al. / Geoscience Frontiers 2(1) (2011) 35e4846S-wave velocities (such as those included in Fig. 5) on each grid
point falling within the target domain. The regional velocity
models computed by this procedure are displayed in Fig. 7. In
this way, the information on shear-wave velocity concerning the
Iberian lithosphereeasthenosphere system is viewed as region-
alized, i.e. constrained to each tectonic unit and available for
making comparisons between different geotectonic areas.
With the exception of the Pyrenees, a relatively thin low-
velocity layer lies at around 50 km depth within the subcrustal
lithosphere. This layer represents a common feature of the seismic
velocity structure of Iberia and, as a result of some ductility of the
lithosphere, might likely be the reason for the lack of Iberianearthquake hypocenters detected at that depth. We show (Fig. 7)
regional differences when comparing the Hercynian basement with
other Mesozoic tectonic units such as the Iberian Cordillera, Pyr-
enees, Betics, and other Tertiary structures (Ebro, Duero and
Guadalquivir basins). The respective depth-dependent velocities
for these geotectonic areas are drawn by red lines in Fig. 7, whereas
the velocity-depth function related to the Hercynian structure is
plotted by a blue line. Spaces between regional models indicate
either that the Hercynian formation has speeds lower than those in
the regions taken for comparison, or just the opposite, i.e., tectonic
units featured by velocities lower than those in the Hercynian
basement. As can be seen, with the exception of some depth
J. Badal et al. / Geoscience Frontiers 2(1) (2011) 35e48 47intervals at depths shallower than 100 km, the Hercynian basement
always shows higher velocities in the top 200 km than the rest of
the units; as expected because it is the oldest geotectonic area of
Iberia. These differences are rather clear when compared with
other units, but a bit less so with respect to the Betics. However,
compared with the other geological units, the Hercynian basement
shows slow shear velocity above 100 km depth although at
different depth intervals: 80e100 km in the Iberian and Betic
cordilleras, and approximately 70e100 km in the Ebro, Duero and
Guadalquivir basins.7. Conclusions
We have achieved an overall view of the shear velocity structure
of a great part of the Iberian Peninsula based on tomographic
images shaped as S-velocity iso-line maps at gradually increasing
depth, and also on different regional velocity models. Previously,
the regionalization of path-averaged seismic velocities has
allowed us to obtain phase- and group-velocity contour maps at
reference periods from 15 to 70 s. These 2D images fit the Ray-
leigh wave travel times observed along different paths crossing the
Iberian Peninsula. Owing to the nature of the linear inversion
procedure, one may expect a smoothing of the velocities. Never-
theless, both errors in phase and group velocities and resolving
powers are fairly constant all over of the peninsula and small
enough as to consider the results feasible inside the study area.
As for the first layers of the subcrustal lithosphere (30e50 km),
the highest velocities depict well the Iberian Massif and also the
Iberian Cordillera. The Pyrenees and the Betics show compara-
tively lower velocities. Low speeds seem to be focused on the
shoutheast and northeast of the peninsula, as well as on the
southwest along the Guadalquivir Valley penetrating into the
Hercynian, and just along the junction between the old Hercynian
basement and the Tertiary folding. At greater depths (50e65 km),
similar velocities with slight fluctuations extend all over the
peninsula. However, the lower lithosphere (65e80 km) seems to
be characterized by fast speeds, although the central zone beneath
the Iberian Cordillera does not reveal such high velocities. Any
other change must be taken with caution because of the geometry
of the seismic array.
The 100-km thick low-velocity channel of the asthenosphere,
sandwiched between 80 and 180 km depth, shows important
variations in velocity both laterally and with depth and, above all,
a negative vertical velocity gradient that permits the distinction
between upper, middle and lower asthenosphere. In effect, the
upper asthenosphere (80e120 km) presents a sharp decreasing in
velocity followed by a layer, somewhat less heterogeneous, rep-
resenting the middle asthenosphere (120e140 km), overlying the
lower asthenosphere (140e180 km) with quite low velocities.
Deeper than 180 km, a strong increase in velocity seems to indi-
cate the beginning of the mantle beneath the asthenosphere.
As for the regional differences affecting the Iberian lith-
osphereeasthenosphere system, the predominance of fast speeds
in the Hercynian basement is undoubted, except for the lower
lithosphere (65e80 km) and the upper asthenosphere
(80e100 km) where lower velocities prevail. Here, the Iberian
Massif shows velocities slower than those of the other domains
and structures. If this lower velocity zone is interpreted as
a Variscan lower lithosphere that can creep more easily than that
beneath other areas, then the almost total absence of deep
earthquakes in the Iberian shield could be explainable.Acknowledgements
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